INTRODUCTION
Thousands of banks operate in the US. While the stocks of some banks are listed on exchanges ("public banks"), the stocks of other banks are privately held ("private banks"). A question naturally arises: What is the impact of public listing on bank profitability?
A large body of research indicates that public listing has both benefits and costs. Public firms have better access to capital markets than private firms do (Brav, 2009; Nichols, Wahlen, & Wieland, 2009 ). This financing advantage allows public firms to be more responsive to investment opportunities (Gilje, & Taillard, 2016; Phillips, & Sertsios, 2017) . However, public firms often have a greater separation of ownership and control, which implies higher agency costs (Jensen, 1989; Bhide, 1993) . Private firms, in contrast, typically have more concentrated ownership and lower agency costs (Nichols, Wahlen, & Wieland, 2009; Asker, Farre-Mensa, & Ljungqvist, 2015) .
Prior research also indicates that the net benefit of public listing increases with firm size. Indeed, a major benefit of a public listing is the improved access to capital markets (Nichols, Wahlen, & Wieland, 2009; Gilje, & Taillard, 2016 ). This benefit is more valuable for larger firms than for smaller ones because larger firms typically need to raise larger amounts of capital (Doidge, Karolyi, & Stulz, 2017) .
To examine the impact of public listing on bank profitability, we use quarterly observations on US banks over the period 2002: Q1 to 2015: Q4. Our sample includes 3,140 unique banks, of which 794 are public and 2,346 are private. We divide banks in our sample into three groups: small banks (total assets up to $1 billion), medium-sized banks (total assets exceeding $1 billion and up to $10 billion), and large banks (total assets exceeding $10 billion). We then run regressions separately for the three groups.
We find that public listing has a negative impact on the profitability of small and medium-sized banks, but a positive impact on the profitability of large banks. These results hold after controlling for a variety of bank-specific variables and time fixed effects. The results are also robust to using alternative measures of profitability.
Understanding the impact of public listing on bank profitability is important because banks play important roles in an economy (Diamond, & Dybvig, 1983; Diamond, 1984; Berger, & Bouwman, 2009) , and profitable banks are better able to supply liquidity and credit to corporate and individual borrowers. While a growing body of literature examines the impact of public listing on firm performance, few studies exist on this topic for banks.
The remainder of this paper is organized as follows. Section 2 reviews the related literature. Section 3 describes the sample and variables. Section 4 presents empirical results. Section 5 discusses the reasons behind the results. Section 6 concludes.
RELATED LITERATURE

Implications of public listing
A growing body of literature examines the implications of a public listing. One major finding is that public firms have better access to capital markets than private firms do. For example, Pagano, Panetta, and Zingales (1998) examine a sample of Italian firms and find that firms experience a reduction in borrowing costs after they go public. Schenone (2010) finds similar results using a sample of US firms. Saunders and Steffen (2011) find that public firms face lower borrowing costs in loan markets than private firms do. Brav (2009) finds that private firms have higher leverage ratios and tend to avoid equity issues. He argues that this is because private equity is costlier than public equity.
Several papers compare the investment behaviour of public and private firms. Asker, FarreMensa, and Ljungqvist (2015) find that, compared with private firms, public firms invest substantially less and are less responsive to changes in investment opportunities. The findings are consistent with the notion that short-term stock market pressures distort investment decisions of public firms (e.g., Stein, 1989 ). Sheen (2016) studies the chemical industry and finds that private firms make better timing decisions for capacity expansion. Examining the natural gas industry, Gilje and Taillard (2016) show that public firms are more responsive to changes in investment opportunities. They also show that the results are due to the fact that public firms have better access to external capital. Exploiting a quasi-natural experiment in the medical device industry, Phillips and Sertsios (2017) show that the financing advantage of public firms has product market implications.
Researchers have identified other differences between public and private firms. Maksimovic, Phillips, and Yang (2013) find that public firms purchase and sell assets at a higher intensity than private firms do. Moreover, the acquisition decisions of public firms are influenced by stock market conditions. Bernstein (2015) shows that public and private firms use different strategies in pursuing innovation. Gao, Harford, and Li (2013) find that public firms hold more cash than private firms do, and spend excess cash in less efficient ways. The findings are consistent with the notion that there are more severe agency problems in public firms. Michaely and Roberts (2012) find that public firms are more likely to smooth dividends.
Two papers compare CEO compensation and turnover in public and private firms. Gao and Li (2015) find that CEOs of public firms are paid more than CEOs of comparable private firms. Moreover, the pay-performance link is much stronger in public firms. The authors conclude that concentrated ownership in private firms substitutes for performance-based compensation contracts. Gao, Harford, and Li (2017) find that CEOs of public firms have higher turnover rates and exhibit greater turnover-performance sensitivity.
Public versus private banks
Banking industry provides an attractive setting for assessing the implications of a public listing. There is a large number of public and private banks, and detailed data for private banks are readily available. Such data are rarely available in other industries (Nichols, Wahlen, & Wieland, 2009; Hall, 2016) .
Several papers examine the accounting implications of a public listing. Beatty and Harris (1999) compare the use of securities gains and losses to manage earnings in public and private banks. They find that public banks are more likely to engage in earnings management. Beatty, Ke, and Petroni (2002) show that public banks face more pressure to report consistently increasing earnings. Nichols, Wahlen, and Wieland (2009) find that public banks exhibit greater degrees of conditional conservatism.
Two papers examine the impact of public listing on bank operations. Hall (2016) shows that public banks have more elastic labour cost structures than private banks do. Iselin and Nicoletti (2017) document changes in the investment behaviour of public banks after the implementation of an accounting standard. Kwan (2004) compares the performance of public and private banks. He finds that public banks are on average less profitable, and the results are driven by smaller banks. Akhigbe, McNulty, and Stevenson (2017) document a small difference in profit efficiency between public and private banks in the pre-crisis period. For the crisis period, there is no difference in profit efficiency.
Barry, Lepetit, and Tarazi (2011) show that ownership structure has a significant impact on risktaking for private banks, but no impact for public banks. They argue that market forces drive the risktaking behaviour of public banks such that ownership structure is no longer an important determinant. Falato and Scharfstein (2016) find that banks increase risk after the transition from private to public ownership. They also find that the increase in risk is due to the pressure to maximize short-term stock prices and earnings.
SAMPLE AND VARIABLES
We begin with all the bank holding companies The dataset links the regulatory identification number in the Y-9C database to the permanent company number in the Center for Research in Security Prices (CRSP) database. We classify a bank as a public bank in a given quarter if its stock is listed on an exchange; otherwise, the bank is classified as a private bank. Our sample consists of 74,774 bankquarter observations, of which 22,322 are public and 52,452 are private.
We use two measures of profitability. The first measure is a return on assets (ROA), calculated as the annualized ratio of net income to total assets. The second measure is a return on equity (ROE), calculated as the annualized ratio of net income to total equity capital. Both measures are widely used in the literature ( 2 . Second, we control the ratio of total equity capital to total assets. Third, we control the ratio of loans and leases to total assets. Fourth, we control the ratio of deposits to total assets. Finally, we control for income diversification, measured as the ratio of noninterest income to the sum of interest income and noninterest income. Table 1 lists the definition of each variable. To mitigate the effect of outliers, we winsorize all continuous variables except size at the 1% and 99% levels. Table 2 presents summary statistics for our sample. ROA has a mean of 0.008, and ROE has a mean of 0.084. Both variables exhibit considerable variation as indicated by the large standard deviation. The average bank has a capital ratio of 0.093, a loansto-assets ratio of 0.662, a deposits-to-assets ratio of 0.786, and a diversification ratio of 0.174. The public has a mean of 0.299, indicating that 29.9% of the observations in our sample are on public banks. Hall (2016) . We also find that public banks tend to have higher capital, higher loans-to-assets ratio, and higher diversification ratio. Private banks, in contrast, tend to have a higher deposits-to-assets ratio.
Because the impact of public listing on profitability likely depends on bank size (Doidge, Karolyi, & Stulz, 2017), we divide banks in our sample into three groups: small, medium-sized, and large banks. Small banks have total assets up to $1 billion, medium-sized banks have total assets exceeding $1 billion and up to $10 billion, and large banks have total assets exceeding $10 billion. Table 4 reports the number and per cent of observations on public banks in each size group. We find that 14% of small banks, 50% of medium-sized banks, and 72% of large banks are public banks. This pattern is consistent with the fact that public banks are much larger than private banks on average, and the sample of Akhigbe, McNulty, and Stevenson (2017). The natural logarithm of total assets in constant 2015 dollars. Capital
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EMPIRICAL RESULTS
To assess the impact of public listing on bank profitability, we estimate the following equation:
where i indexes banks and t indexes quarters. Yi,t represents either ROAi,t or ROEi,t in separate regressions. Publici,t is an indicator variable that equals one if a bank is publicly traded, and zero otherwise. Xi,t is a vector of control variables. δt represents quarter fixed effects. We include quarter fixed effects to account for conditions that affect all the banks in a given quarter. εi,t is the error term.
We estimate equation (1) using ordinary least squares, and adjust the standard errors for clustering at the bank level. Table 5 reports the regression results for small banks. In column (1), the dependent variable is ROA. In column (2), the dependent variable is ROE. In both columns, the coefficient on Public is negative and statistically significant. This result indicates that public listing has a negative impact on the profitability of small banks. The economic magnitude of the coefficient is also significant. For example, in column (1), the coefficient on Public is -0.003, which can be compared with the average ROA of 0.008 in Table 2 . Turning to control variables, we find that size is positively associated with profitability. One interpretation of this result is that, for small banks, an increase in size allows banks to realize economies of scale (Regehr, & Sengupta, 2016) . Capital is positively associated with profitability. This result is consistent with Berger and Bouwman (2013) , who find that capital helps small banks to improve their performance. Table 5 also shows that, for small banks, greater reliance on loans, deposits, and diversification increases profitability. Table 6 reports the regression results for medium-sized banks. The results are qualitatively similar to those in Table 5 with one exception, namely, the coefficient on size is insignificant. Thus, for medium-sized banks, an increase in size has no impact on profitability. This is perhaps because, for such banks, an increase in size leads to more bureaucratic processes, which offset the benefits associated with economies of scale (Regehr, & Sengupta, 2016) . Table 7 reports the regression results for large banks. Importantly, the coefficient on Public is positive and significant in both columns. Thus, the public listing has a positive impact on the profitability of large banks. 
DISCUSSION
Our results suggest that public listing has a negative impact on the profitability of small and mediumsized banks, but a positive impact on large banks. We think there are three possible reasons for our results.
The first reason comes from the literature that examines the costs and benefits of public listing. Public listing allows a firm to have better access to capital markets (Nichols, Wahlen, & Wieland, 2009 ). There are, however, large costs associated with the public listing (Ritter, 1987) . Doidge, Karolyi, and Stulz (2017) propose a model in which both the cost and benefit of public listing increase as firm size increases. While the cost increases slowly with size, the benefit increases rapidly. As a result, the net benefit of a public listing is negative for small firms but positive for large ones.
The second reason comes from the literature arguing that managers of public firms face discipline in financial markets. For example, Kaplan and Minton (2012) find that CEO turnover is significantly related to firm stock performance. Gao, Harford, and Li (2012) find a strong link between CEO pay cuts and poor stock performance. We believe that large banks have more severe agency problems, and thus the disciplinary effect from financial markets is more pronounced for large banks.
The third reason comes from the literature showing that managers can learn from stock price (Dow, & Gorton, 1997; Subrahmanyam, & Titman, 1999; Chen, Goldstein, & Jiang, 2007) . This literature argues that stock price aggregates information from many different participants, and thus contains information that managers do not have. By learning from the stock price of their own firm, managers can make better investment decisions. The stock prices of large banks are likely to be more informative to managers because these stocks are more liquid. As a result, large banks benefit more from public listing.
CONCLUSION
Prior research indicates that public listing has both benefits and costs. Using a large sample of US banks, we find that the impact of public listing on profitability depends on bank size. The impact is negative for small and medium-sized banks, but positive for large banks. These results add to the literature that examines the implications of a public listing. The results also add to the literature that examines the determinants of bank profitability.
One limitation of this study is that we have focused on a single industry, namely, banking. There are, however, important differences between banks and nonbank firms. For example, banks are highly regulated, and regulations may affect the costs and benefits associated with the public listing. Thus, one avenue for future research is to examine whether the impact of public listing differs across industries. Another limitation of this study is that we have focused on a single country, namely, the US. Regulations and economic conditions, however, differ across countries. Thus, it would be interesting to examine whether the impact of public listing differs across countries.
